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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic memory device which is 
reduced in power consumption at writing. 

SOLUTION: This magnetic memory includes first and second wirings 14. 15 
crossing each other and separated from each other; a magnetoresistive 
effect film 13 positioned in a region where the first and second wirings 14, 
15 cross each other and having a magnetized fixed layer 21. a magnetic 
recording layer 23, and a nonmagnetic layer 22 interposed between the 
magnetized fixed layer 21 and the magnetic recording layer 23; and a first 
magnetic film 18 that includes at least one of a highly saturated magnetized 
soft magnetic materials which contains cobalt and a metal-non metal 
nanogranular film and has at least a bottom part counterposed to the 
reverse surface of a surface opposite to the magnetoresistance effect film 
13 of the first wiring 1 5 and a pair of sidewall parts which counterpose both 
side surfaces of the first wiring 15 in this region. 
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g£H{*T3 H 4. 

&$tw<Dmmzm.mm. 1 o ia, ssnisae 
ufiofw m i-fcig i &tf 2 ©ia^ i4, 1 5 1. * i 

Rtffg 2 cDiB^ 14, 15 !di«Il:3?itl>SI(rtt:fi 

JI2 3iMi*I2 1 <t©IBK^aE-r**«tt»2 2 
£**fc««JSSt8&*B!l 3 4:, 3/t;H» 

SB 1 ©lEi® 1 5 QBftffiftgftSM 1 3 4OT*ffrffiOD«® 

»m-r*.is*©«e»*»j«^fcJBi©«ttiiiti 8 4* 
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3 

3fc«»KBSB©BB^©»f*tti4*»£T3T^*. 
[0 0 0 4] Bittf. ^®tt^±(C^S 0. 7nm~ 
2. Onm©Il>Ali^lbfcI> tOSMKi 
^D-S[«$fcttg!m^7.lC^-r^<hlCj;^TA 1 2O3 

2 0X«±O«««tS»t**»»6nT«ri* (J. 
Appl. Phys. 79, 4724 (1996)). 

3£B14lfih>*>>M££-<i:bTtt, 1 »©Sfifi8tt 
BO-^SSBBttBtB*^)*. ffi;££ffi8{b@#lf 

tufewufbasRsnT^* (#1^10-4227^ 
a*) . 

[0 0 0 5] ±2©i 3 fc, llh >*;Hg-&T 

[0 0 0 6] ±IHraS»C»L, B&EB©BfflK:KjgB 
B*mA»&fc*BB*K**fcBflraBJBBBBa««B3 
<#H«r*lFB5. 6 5 9, 4 9 9^, 7t£H#ff 
15, 956, 2 6 7^. ^B^WSIS 5 , 9 4 0. 3 1 
9*», JJDtiMffllWOOO/l 0 17 2). dtl 
&©«JMBBBBK:J:ntf. eBOBBKBBBBKtf 
12tt6nT^-5fc«)> B£CEBB^©1*BS&K:&B& 

msfEBfc^gWKteB-racitj^T^-s. cine. 30 

[0 0 0 7] IxftlsfttftS. *H«fl l lF*5. 6 5 9. 4 

9 9 <j*«w«-r*«aEtt*B'rf4. bbsk&bb® 

fcH. ^fflittff^S. 9 5 6, 2 6 7^R«*BB 

1#fffB 5 , 9 4 0, 3 1 9 ^A*PB*-r<6flB^tlB**ll-C 

a. titsfaj;^ tr >avp^S! 2ih >*)i>mtt 

fr*«jfi&»flJLfc»^. «»KBBK:8*B«t;:«»«: 
TOtrf SCtttaBT?**. BBttflFtBBWO 
0 0/1 0 1 7 2*«IBjS-ra«»IB1**««. &»fB© 

•t0>fiifiB#tftB«>THBT**. 
[0 0 0 8] Sfc. ±Jll/t!«ttlIh>*JM»l:. 

up*, BB#*fc#«sttfc«e»^£^ufcB»tth 
>*;u8te*ttBtt 2 a h >*)it&& <bbk) him 

©BBBttBAsB*** S*lT# 0 (Phys. Rev. 50 
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B 56 (10) , R 5 7 4 7 (1 9 9 7) . , (fcfflm 
Mf^E2 3,4-2, (1999). Appl. Ph 
ys. Lett. 73 (19), 2829 (199 
8) ) . Ua»t>. 3t«tt2fih>*JH»^tC«fc*<!:, Bf 

a© j±j ^miEfii sr m z> tz t> izmmm mm \z w mt * * 

EE(I£fii#-5 Z. ttCct 0B£t-*«B«StBfcB<&»<J> 
[0 0 0 9] L0*USt*f&. ifflt21h>^S^* 

aattiah>**»esffli>&i&t 

«. !MK2lh>*A«*tJ|HftW > BB 

fB^Jltt 1 *f© h >*WJ 7iR[;i *t©«B{b@*Jf 

fcfc£BflJUfc£UTfc, &B£BBI;:B£&*£3ft$$) 

>*;H«££Bt>;fc«BE«BBtt. »#&*B<z>«» 

[0 0 10] 

[RWi>mikLJ:o ttSU] *SSBtt. ±SmB£ 

(sm s nfcS8«te«^B * c <fc s m w t r * . 

[0011] 

tc. #BBtt. «SK:S«bja-3BWbfcfBi&«»2 
OBBli, «faa»lR^JB2©iBB*«*BSKX3S-r*B 

^F^fcfiiBb. mtmmm. m%mmm. &ztm$zmm. 

IE»BtWIB«ft;H»BtOlB»c^aE-r*#BttBSB 

a. H*iBmm§Biifcjf tefjfesg i Rtfsn 2 ©EBw-ttue 
nK»&B**«-r c t ic «t o £c*«»©#i5j«:B 1 

©*fa t M£B 1 t 2 ©#|b] <fc OB 

TS6fl:s-&fc»^fc-t©Bfto^iaisEe$-a-^ sfriB® 
fl;B«BttiWEB#©2frsi*MEB 1 ©^fttMiBii^ 
o*i«iit©B"r*^bS-&fc»^K-toB{bo*rft*BB 
w»c«j#-r*B»«ta«i*Bt. 

7lfflVifn^- T)Sr-&*jat3^7S:< ifeBEBBrtT? 
fflEB 1 ©e»<DBEBBfitnS»BB<fc©» GlBCDBB 

i*f(6]-r^^Bi^mfiB^ i <Dmm<DMMMii j tn j eti 
ttfa-rz i »©BBS8*»i«ufcB i vmtemiizmffi 

-r*C<!:*»«<t-r*BftE»«B€r««-r*. 

[0 0 12] #^BJte. +iS(cXML.fio@iP B 1L- 

fcf lKtnt2 0Et^ BKB 1 R^B 2 ©EB*«ffi 

©m{b@*B. DUGS 1 atf» 2 o«ft:if ini:^ 
-TSSBSfBiUf . HfrfB^l©m{bB«@<»:StrlBamSB^ 

■i«)W:*aEt«ii©iWtti. R««rE»2©« 

ft:B»B<tBffi«BffiBBt©IB»C^«E-r*B2©#B 
ttBSB^t.. BEBBBBBt4BBBl-ftr^B2©E« 

A«B 1 ©^^ItWIBB 1 0*rtli:HtJK»rtlOB2 0* 
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[0019] *%^(w*3^T, m 1 ©fi814l£©S§ 1 ©E 

E*0***(SlK:»ofcftS©l. 2{g£X±T'&Z>Z\£ 
1. 5te£A±T&-5££**«fcD$?*bl\. 

tiBoftfiSOl. 2«a±"P*«i:tj8W*l/<, 

1. 5f&&±T££££a*<fc90?£b<'>. £©*&, fig 

[0 0 2 0] )BlR^JB2©E*tt» «*tf. ffi. ^> 

jgltt, CuItCoFeNii<!:©«III»J:5l:. 

-5 WtfStfiE^njao^ l RtflfS 2 0DStti*«nA;P h 
t'ffiSKSigUfcK, potent). m^^m^M-fn^T. 

t£ bi t © m ic n u 7 ? )v & m n„ 

[0 0 2 1] ft 1 ~BtXSW, 2 ©ffifrftBltt, Co-Fe^ 
SI. Co-Fe-Ni^M, Co- (Zr, Hf, N 
b, Ta, Ti)I, (Co, Fe. Ni) - (Si, 
B) - (P, Al, Mo, Nb, Mn) iffflTtf 
yy^mm. RXf (Fe, Co) - (B, Si, H 
f, Zr, Sm, Ta, A 1 ) - (F, O, N) 

!|$tc, -^-ne.attsm, ±te©5*>, co^m* 

^#-r5B5fi&RH5&fbV 7 hfiB£*mBS^ (F e , Co) 
- (B. Si, Hf, Zr, Sm, Ta, Al) - 

(f, o, n) j&ts.£<o&m-tE<&m-r j 
[0022] sB{ba*HRtf&jic§2SJite, ^-n^n, 

Fe, Co, Ni, ■Zrtl'b<D£&. StfN i MnS b-?> 
P tMnSb^C ojMn Ge tt.i£<D/\— V *5>)V^%: 

^-?z>z\Ltfft&is^» m.mzm.m<r)mnmfB s it 

©**£)•(;;«, A 1 2O3. A1N, MgO, SiO 

2, GaO, LaAlOi, M g F2, RZfC a FitiEZ 

[0 0 2 3] *&mz&l*T, W,2<DWfa<DmW\Z*>W, 

1 <D$zm<Dmm\zmi<itc<D£mmoMitmzwui2> z. <t 

[0 0 2 4] *58WC*t»T. «tt**i9:»tfciBi«<Ofi 
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7X^:7 hit 1 2/ 1 itel cfcD*#^r<h 
^r-ltl2/lltt. 2<tt)*f<IO5i0/hS^-t 

[0025] *mw<D&mz&mwit. -©^oefficg 

[0 0 2 6] 

■T*. 01 (a) tt*WW©*l 
SBte^BS^tBSMld^-rarBHTfeS. HI 1 (b) \tm 

1 (a) iz^-rmm-mmm^A-Amiz^-Dtc^m 

01 (c) te@l (b) l~^-f«£jg 
l/T»lf>ft*BBT**. Sfc, 121 (d) It 01 
(a) KS-rfiH^Ettg«©-ttfc«*WK*-r#«B 

[0 0 2 7] Ell (a) ~ (d) iCitilEtgil 
0 te, MRAM (Magne t i cRandom Ac 
cess Memory) TSoT, 01 (a) (CtkT 

[0 0 2 8] •aBMBBJfrP 1 1 tt, 5£ffi4 2th >*;P 
S-&1 3 4fUTV^. »Itt2lh>*;^l 3 
tt. B3£-r*E»l 4, 1 5^©52^85{CffiBLT* 
0, -^©TSIiiH^l 6&fLTh7>yX^l 2 <hS 
SSnt^S. E*ll4, 15©^H(C«. -etl 

^*n. mi4®ii 7, 1 8&mf*>nT^z>. fcis, 
»T?*issnTirs5. *fc> 1 9 isjiisMeiBUBi 

[0 0 2 9] !ftBtt 2Mb >*;H*-& 1 3 ti, Ei& 1 6 

flw><E>, etiti2i, h>^nu7B2 2, k^: 

IB^S 23, h >*JUA*U 7124, &cXfig{bH«S 2 

5 &m$tf&mvfc.mm&fti>x^2>o ffit@fi2 5© 

*Stt, ^b@«f^ 2 1, h >^;UA*'J 7122. 
@I2 3, StitK>^W\'U7I2 4©i 1 ):0fct<. 
h >^;UA* U7I2 4 ©SB^ 1 5 £&A,T:£;frlc{iB-r 

MPUfctHttBIl 8©P^gPIS, h>^A'J7B2 4 

T*5 0, BttMl 8t«aE*i2 3tllh>*JW^J 
7^2 4S^LTlMlC«8!SftT^5. 



(7) 



002-110938 



11 

Z.<Dm&* E»14, 15iSMl 

7, i 8 twriw n65«M^»s*^iW5 

[0043] ffifrftssps 2i, '25H ^n^etmm^ 
m\t^m\t^^^(DT$)ti\imzmm\tu<. Fe, 

Co, RtfN i fc£co£/g ; *rtlt><D&& ; Xt:>»I i° 
$^V^^^-f H (Fe304) . Cr02, Rtf 
RXMn03-y (R^±^7C^^*b> XliCa, B 

ikty ; MtfKN i Mn SbSI/P t Mn S htzE<D^ 

mi*, mnmmzt^ *>te^mmz&^ z t^^-v^ 

0, 0. 4nmH±t$»§^<!:W^l^ 
[0 0 4 4] ^(D»IHH Fe-Mn, P t -M 
n, Pt-Cr-Mn, N i -Mn, Ir-Mn, Ni 
O, RtfFe203^^^&^gMttl^«Itt« 20 

2 1, 2 5i L/T, ^tt^ct^tt«<!:(DlS^^^ffi 

[0 0 4 5] 4$^, ^ffiBLbtCCo (Co-Fe) / 
Ru/Co (Co-Fe) (Co-Fe) /\ r 

/Co (Co-Fe) ^^Sil^UFe-M 
n, P t -Mn, P t - C r -Mn, N i -Mn, I r 30 
-Mn, N i O, 'BcZSF e 203ft i:^ 6ft£JK3£^14^ 

[0 0 4 6] a^IS^S2 3<7)fi£L<hteW<h<£>J£L/ 
t3&««fcD»*U(f^ 01 (a) — (d) KL^TflljfiS: 

[0 0 4 7] «aE»»2 3lCfflVi«>«»tt»«ltS:7F 
•Tt)(OT*n««FK«IIRtta:<, Fe, Co, i 

^>^^h (Fe3CU) > Cr02, SMXMnO 
3- y (Rtt#±*7C*&*l^ XteCa, Ba, &tfS 
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CN i Mn S b&tfP t Mn S b <7)*-f X 9 — 

«ttJC&&«i:l^afEtC»l^i:*^STfeO, 0. 4n 

[004 8]B»EM23li flilT^otfeJ; 
<, «IiStfeotfeJ:K mMlB^S2 3^SB^ 

■n*. »«tti/v7 h^atti/giStti^ii 

[0 0 4 9] f&mfS^Jf 2 3 *3fi«tt»/#«tt 

{b@#Jf 2 1, 2 5 ^<Dmm&R (stray fie 
Id) (Dmtgtf&KU&Olzmx.. * : EU-feJMi&"3-> r 

w-r*iii:*«"c#s. z.<Dffim&mmTz>m'&.' m&m 

[0 0 5 0] ±j£Lfc8Ht0SJI2 1, 2 5RtflB»IE 

Ag, C u, Au, Al, Mg, Si, Bi, Ta, 
B, C, O, N, Pd, Pt, Zr, I r, W, Mo, 

ff§^t^?)o £fc, ±jSUfc«<kH*r»2 1, 

tt«Bff^¥ff»:— «ia*tt**'r*c:i:3&«»SUt^ Z. 
<D&M&fB<D&2\Z* 0. lnm-lOOnmt^: 

1 0 «rfPK"T^±Ttt. 3fi«ttlB<DjpSttl 0 nmETF 

[0 0 5 1 ] h>*M'J7B2 2, 2 4WttfitLT 
tt, A 1 2O3, A 1 N, MgO, S i O2, MgO, L 
aA103, M g F 2, CaF2, 5 r T i O2. MAI 

[0 0 5 2] ±5£Lfca«IEit*«l Ota, #JA«, S 

mmmzh^yzsx? 1 2«w$nfcM2 o±k 

Jgricfact^T^^o J E-C0cfc'5^S«2 0 <©»3|BHC4# 
fC«JIE»ia:<. Si, S i 02> A 1 2O3, 7K*Jk 

gn ott«a@^T«6s*^UTSffi±(c^-r^c 
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H«©#jrett. mam i 8 tmmzmm 23 1 *mm. 
[0062] tc~c. *mnmmre\*. mami 8<nm 

□ *S«-Hatt2ah>*^S^'l 3©ls£U:<!:LTH 
mmf§2 3'iOHi:«ftHti2 5 B^ftl/T^ftH 

fc*. ^tt^ i 8 tmmmm 2 3 

^{t@#/12 5 \Z^-oXmf ^'tl5ut*5&l>. 

oT, aBW«B»lilC«aE«»*«l 

[0 0 6 3] #£i6J!HBfc:*^T, G&ffiSIl 8©M$&g& 

2 3 £©sEiiitt. mam 1 8 ^a&Efltw 
2 3 t©«awa««*«aj«sti*oT*n«w»^«ifi 

fifclr»**ifiW3:£#*l/H. fflfif. att^l 8 ©pjSSSgB 
tfi&^tESJi 2 3 £©SEK£tt> 0.05 u.tnSkTXfoft 

[0 0 6 4] #8IIJ©S6 8©*i6»flSC:3V>TK 

WTZ>o HI 3 (a) tt#3^©!6 8 ©*»»»£«* 

&&E«gB£«ifcWK*t*»r®0T«fcD, 013 

(b) &013 (a) K*i-«£CEttSS«©E-E*»:: 

gioii ai4^ 1 7 atEH 1 4 <DmmzWLrt*>nir\z 

[0 0 6 5] t>XlSW^tLTCMOS h^> 

^^i2*sv>fel^ 3*««i 2 a h >*;ng-& 1 3 

©W (fcfvHRl 5\Z¥fttS.Jjfa<D*m) *W, 

(•7— Klil 4tcTffJa:*|oJO-+ffi) SrLi-r-Si. 51 
#. Gitftl 4 Of ¥*l*)fi D ^ 5 Mil 2 f I- >*;P 

jg^i 3K©ffiiw«*@wta«^u^©^u. e*ii 

5 (Dfif*[6]Ti 9^5 2 S h >*)V»& 1 3 |Q 

±te<@W©S&3f&t>©Ef«£IHT££<fc<b£:*. "T^ 

1£2Sh>*;H£'&l 3BJ©E«I»4. "HTjftKlill ITU 

[0 0 6 6] -€-n«4)^.. E811 4£>ft#^7j[pJ-elS!|9-8-5 
5imtt2fih>^;Ha-&l 3ffl<D?a7s h — ^te^iTt 
Z&mtf&ZW* S2^ 1 5CDft#7jr&IT^0-&^3iai4 

2 a h >*)l>&& 1 3m<DfaX h-i'MfLfetl 

3 (a) , (b) C^-T«kP»C, 8£E§£l 5 

<D$mRzsi&mzmiB.-3f&tem 1 7 srEH 1 4 ©$9® 

[0 0 6 7] 113 (a) , (b) K*-r«*IBtt«« 

s**w»=«*a**fpffls-a-*fc«)c 1211 4 (a) , 
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(b) &tf01 5 (a) ~ (c) lC:^-r$f3g£8$fflUT 

fecfcv^. 014 (a) , (b) h. *n-6n. #5fi9l© 

ft 8 ®%j6&ffi£ffi«ffl&£tt£EB<Z>EiR 1 4 RZWBte 
Ml 7©«ifi©«&**Wfc:*-r«BBT**. 
01 5 (a) ~ (c) tt, *5EW©SB8©* 
J(S»*tC«*««E1t««©iB*|l 5 RtfESttSi 1 8© 
©09 £*£B§tf) fC^f »f lit $> •£> . 
[0 0 6 8] 014 (aJ't^lCSl 5 (a) Rtf 

(c) tc&i^-c. sfti 4isi4ii 7 mmz&m 1 5 

•5. 014 (b) Rtf015 (b) C43^T, E 

m 1 4 ^ttttK 1 7 Sfctf KE* 1 5 tattK 1811 * 

jSSSJBUfcW^KJfc^T. 3iM814 2ab>*;Hg£l 

[0 0 6 9] EJUKW LfcKI 1 ~m 8 ©*ifi»fBT?tt, 
3$fi814 2 fi h >*;U«-&£Wf 5«^gEt&SSK:f5f^© 
20 #|ji£8lfflT5 S€fii*-B#©«S«**rte 

i$.-?z>z.L\z-D^TmwLfc„ &rF\zntm-t*9i9v>n 

ttio. siatt 1 « h >'*;u***#-«-**«B*as 
H©s#a*-»#©ms«*s:fi« : r*0 1 6«, 

com 9 ©*J6»»»:«-5flB»[E**l«©-«**l««HC 
StiffiMT-^?.. **Jfifl^fifC«5fi8^;E1ftSSl 0 

tt, i^B**?! io«uew»»«i:«ctemtt. mi 
o**»*i:ff*aaE*si 1 0 ,>:Ri«©*iB&wu 

1 0 

30 ^bSI*S 2 1, h >^;P/N* 'J7I2 2. 
EiI2 3 bfc«ifi**T*5i«tt 
^l/^3 5*tLtV>*. ^8814 1 a h>*;H*-& 3 
5±tCttt*>y h^3 4*^fi£$nT*5 0, t*-^ hB.3 4 

±»c«, *e^i 9s^bT®i4^i 8-cmt>nfrmffi. 

g£3 5©T?5lCte, l«BI6 3 3atfi;yHi3 4t 
[0 0 7 03 **J6»»K*^T. SBHtHIl 8 (i> Co 

to 7c*s$#-r*!S«afp«fl:v7 h«tt**»it-*»*«-# 

ffl^^c*^, K«E®^2 3^©«ffi©S^ji*-»cS-r 

[0071] mam 1 8 ^^bet •& c o Tcm&s&Tz 
^mfamit^y bmmmmtvxit. co-Fe^ 

IKo-Fe — N i -&^^<i:©-&^K ; MtXtCC o 
- (Z r, Hf, Nb, Ta, T i ) m*> (Co, F 
e, Ni) - (Si, B) - (P, Al, Mo, Nb, 

Mn) mttzmT^fry Txtt&mte&m^zz.t.ifi-c 
50 $itz. mami 8&mftttz&M-&*m-*-s{f 
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I c (mA) 


Co 90 Fe |0 


1 6 


C o 60 F e 20 N ' 20 


1 4 


C o 30 F e 30 N i 40 


1 5 


C07O.3Fe4.7S i 15 B 10 


1 3 


Co 75.3 F e 4.7 S i 4 B 16 


1 3 


C069.6Fe46M01.8S i 8 B 15 


1 3 


Co 70 M n g B 24 


1 4 


Co 81.5 Mo 9.5 z r 9 


1 5 


C 0 96 Z r 4 I 


1 3 


j C 0 87 N b 5 Z r b 


1 4 


C 0 85 N b 7. 5 T i 7. 5 


1 4 


Co 90Fe2-Nb8 


1 3 


C 0 60 A 1 10 O 34 


1 4 ! 
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